We recently described cytological findings in the adenohypophyses of a group of patients dying in uremia of acute renal tubular necrosis.' Dramatic changes in the acidophilic cells were interpreted as the morphological expression of altered pituitary function in response to malnutrition. Changes in the basophils were thought to result from both malnutrition and renal excretory failure. The patients had all been well until the onset of uremia and were maintained during their illness on a limited caloric intake derived solely from carbohydrates.
Differential cell counts were performed by examining contiguous "high-dry" microscopic fields so as to cover an entire histological section.
Cells were classified as follows: "Storage basophils." Cells with small nuclei and cytoplasm tightly packed with PAS positive granules. These are the "basophils" of most authors and the "maximal mucoid" cells of Pearse.8 "Secretory basophils." Large cells with generally prominent nuclei and delicate cytoplasmic stippling by fine, predominantly PAS positive granules ("intermediate and punctate mucoid" cells of Pearse8; "amphophils" of Russfield '8) .
"Storage acidophils." Cells with small nuclei and dense orangophilic cytoplasmic granulation ("acidophils" of most authors).
"Secretory acidophils." Large cells with prominent, frequently hyperchromatic and pleomorphic nuclei and cytoplasm containing delicate, predominantly orangophilic granules. These cells would probably be included as "amphophils" by Russfield.' "Hypersecretory cells." Cells with very large hyperchromatic or vesicular nuclei and variable cytoplasmic mass containing only occasional PAS positive or orangophilic granules ("hypertrophic amphophils" of RussfieldU).
"Chromophobes." Cells with small nuclei and scant agranular cytoplasm.
Other tissues. Sections of other organs including the endocrine glands were fixed in Zenker's fluid with 5 per cent glacial acetic acid, embedded in paraffin and stained with phloxine and hematoxylin.
Evaluation of terminal diet. Dietary intake during the terminal seven days of life was arbitrarily designated as "good," "fair," "poor," or "nil" on the basis of estimated average daily intake for this period: good; more than 1,000 calories including over 40 gm. protein, fair; 500 to 1,000 calories including 15 to 40 gm. protein, poor; less than 500 calories and less than 15 gm. protein, nil; few, if any calories and no protein.
RESULTS

Patients dying of neoplastic disease
Clinical observations. The significant clinical data are recorded in Table 1 . With the exception of patient 1 who died of bilateral pulmonary alveolar cell carcinoma, all patients had regional or distant metastases from their primary tumors. The two patients dying of leukemia evidenced multiple organ involvement.
The duration of illness varied from two months to ten years. Significant weight loss was indicated in those patients from whom a reliable history was available and most patients were described as poorly nourished, if not cachectic.
Dietary intake during the terminal seven days of life was characterized as "good" in three patients who ate well up to the time of death, "fair" in two, and "poor" in seven. Patient 13, the only patient not hospitalized during the terminal seven days, refused all nourishment and received water only. Table 1 ).
Morphological observations. The adenohypophyses of all these patients showed striking changes. These consisted of increased proportions of secretory acidophils and hypersecretory cells. Table 1 shows the results of differential cell counts performed on the equatorial sections of the glands. (The normal values recorded were derived from the study of hypophyses of healthy individuals on normal diets who were victims of sudden death.2'8) Secretory acidophils, which normally represent 1 to 3 per cent of all cells, here comprised 5.1 to 50.6 per cent. Hypersecretory cells, rarely seen in normal glands, accounted for 3.0 to 23.9 per cent of all cells, the increases paralleling those of the secretory acidophils. Many transition forms between secretory acidophils and hypersecretory cells were noted. The prominence of secretory acidophils and hypersecretory cells appeared to be at the expense of both storage acidophils and chromophobes.
The basophilic elements did not show consistent alterations. Storage basophils were increased above normal in several instances and displayed Crooke's hyaline change in those patients receiving adrenal steroid therapy. A decreased percentage of secretory basophils was noted in eight glands.
The findings in the adrenal glands, thyroids, and gonads are shown in the table. The adrenal glands were within normal weight range with the exception of Case 7, where metastatic disease was present, Case 6, where one gland contained a cortical adenoma, and Case 12, where an increased weight was unexplained. Most of the glands showed varying degrees of lipoid depletion. The thyroid glands were characterized histologically as normal in three instances, involutional in eight, and atrophic in two. The gonads showed decreased activity or atrophy in all patients. Five of the female patients were post-menopausal.
Fatty metamorphosis of the liver was noted in most instances, but its severity could not be correlated with other morphological observations.
Patients dying of non-neoplastic chronic disease
The findings in the patients dying of non-neoplastic chronic disease are shown in Table 2 . All gave a history of significant weight loss and were poorly nourished. (The weight recorded for patient 18 reflects in part a massive edema). The terminal dietary intake of five patients was characterized as "poor." Patient 19 received only intravenous fluids with some carbohydrate added.
Two patients died in uremia of chronic glomerulonephritis, two of chronic ulcerative colitis, one 14 months after extensive gastro-intestinal and partial pancreatic resection for what proved to be a benign gastric ulcer, and one of an unclassified systemic granulomatous disease. Two patients received adrenocorticotropin therapy; two, adrenal steroids.
The adenohypophyses of these patients showed increased proportions of secretory acidophils (14.9 to 45.4 per cent) and hypersecretory cells (5.8 to 19.4 per cent) comparable to the findings in the patients dying of neoplastic disease. Secretory basophils were reduced in percentage in all glands in this group. The findings in the other endocrine organs were similar to those in the neoplastic group. 
DISCUSSION
The adenohypophyses of thirteen patients dying of neoplastic disease showed a markedly altered cytological pattern compared with the normal adult gland (Table 1 ). There were strikingly increased percentages of cells characterized histologically by large, active nuclei and cytoplasm containing delicate orangophilic granules ("secretory acidophils") and still more active appearing cells with densely hyperchromatic nuclei and little visible cytoplasmic granulation ("hypersecretory cells"). The increased proportions of these cellular elements was at the expense of heavily granulated ("storage") acidophils and small inactive chromophobes.
The early findings of Severinghaus ' as well as the more recent studies by Pearse8 and Russfield1' indicate that small densely granulated adenohypophyseal cells are primarily storage cells and that secretory activity can be attributed to cells which appear cytologically active, display prominent nuclei, and contain delicate cytoplasmic granulation. The bulk of morphological observations in patients with altered pituitary functional states supports this concept.
The morphological data in our patients point to a markedly increased secretory activity of acidophilic cells. Since these cells are generally accepted as the site of growth hormone secretion, the observations may reflect an enhanced secretion of this substance.
The possibility that growth hormone secretion is increased in the presence of severe dietary restriction has been recently discussed." 1' Starvation reduces protein breakdown and nitrogen loss. Carbohydrate utilization is also minimized, with consequent depression of glucose tolerance. Fat, as a result, becomes the major metabolic substrate. The administration of primate growth hormone to human beings reproduces these changes, since it also causes increased protein synthesis and a positive nitrogen balance.' "'
Blood glucose levels tend to rise (at least in diabetics) and glucose tolerance is reduced in normal subjects.9 The hormone also promotes the mobilization of depot fat in the form of free fatty acids9'10 and may produce ketosis, changes which shift the metabolic pattern to one in which fat is the major source of energy. The close parallelism between the metabolic effects of starvation and the administration of growth hormone suggests that part of the adjustment to starvation is the result of secretion of this hormone.' The morphological finding of increased secretory activity of the acidophil cells in our patients is consistent with an increased growth hormone secretion in response to restricted caloric and protein intake. Figure 1 shows that a close correlation exists between the degree of increased acidophil secretory activity and dietary intake during the seven days before death. Those patients who ate well during this period showed relatively slight cytological changes, whereas those who had little or no caloric or protein intake were found to have the highest percentages of secretory acidophils and hypersecretory cells. It is apparent from Table 1 that the terminal dietary intake was a much more significant factor in relation to the cytological changes than the history of weight loss or the terminal body weight.
The findings in the group of patients dying of non-neoplastic chronic disease associated with malnutrition (Table 2 ) support our interpretation. The increased percentages of secretory acidophils and hypersecretory cells in these patients are entirely comparable to those of the neoplastic group.
The importance of dietary intake during the relatively brief period preceding death is further emphasized by the findings of similar cytological changes in our study of patients dying in uremia of acute renal tubular necrosis.' These patients, previously in good health, died seven to twenty-one days after the onset of renal failure. They were maintained during their illness on a limited caloric intake derived solely from carbohydrate solutions. interest that a statistical study of patients with acromegaly (in whom pro-longed excessive growth hormone secretion can be assumed) failed to reveal an increased incidence of malignant neoplasms.
Consistent alterations were not noted in the basophilic cells, although there was morphological evidence of decreased secretion in eight of the thirteen patients (Table 1 ). In our previous study, we postulated that suppressed basophil secretion in patients dying of acute renal failure could result from either malnutrition or renal excretory failure per se. The importance of the latter factor is emphasized by the present findings. Crooke's change was present in the storage basophils of those patients receiving adrenal steroids, but no changes could be regularly correlated with the administration of other therapeutic hormone preparations.
The findings in the thyroid glands and gonads generally indicated decreased activity. The thyroid glands of most patients showed involution and in some, fibrosis and atrophy. The gonads showed decreased activity in all instances, although five of the female patients were post-menopausal. Some adrenal cortices appeared normal in structure and lipoid content, but most of the glands displayed varying degrees of lipoid depletion, an alteration which may reflect decreased functional activity.
It is concluded that the cytological changes observed in the adenohypophyses of our patients dying of neoplastic disease reflect altered pituitary function due primarily to malnutrition during the terminal period of life, and may represent the morphological expression of enhanced growth hormone secretion. The findings do not support a role of growth hormone in the genesis of the neoplasms of these patients since comparable changes were found in the hypophyses of patients dying of non-neoplastic disease associated with malnutrition. It is apparent that nutritional status, particularly during the period preceding death, can profoundly alter normal adenohypophyseal cytology and must be taken into account in the evaluation of all human pituitary glands.
SUMMARY
The adenohypophyses of thirteen patients dying of neoplastic disease showed morphological evidence of markedly increased secretory activity of acidophilic cells. This finding, which may reflect enhanced growth hormone secretion, was interpreted as a response to malnutrition, and could be correlated with the severity of caloric and protein deprivation during the last seven days of life. The importance of nutritional status in the evaluation of human pituitary cytology is emphasized. 
